To analyze whether Physical activity (PA) reduces mortality risk at thirteen years' follow-up in a populationbased cohort of Spanish older adults. The NEDICES (Neurological Disorders in Central Spain) is a prospective population-based survey of older adults (age ≥ 65 years) that comprised 5278 participants at baseline. A modified version of the Rosow-Breslau questionnaire was applied to categorize the PA (sedentary, light, moderate and high) and dates of death were collected from the Official Spanish Death Registry. Cox regression models adjusted for different covariates (age, sex, marital status, smoking, previous stroke, Parkinson disease, incident dementia, body mass index, comorbidity indexes and functional assessment) were used to evaluate the hazard of death at thirteen years' interval according to different levels of PA. 1710 deaths (52.9% men vs. 47.1% women) were identified among 3633 individuals at thirteen years' follow-up. Hazard ratios (HRs) of the light, moderate, and high PA groups (vs. sedentary group) were 0.64 (95% confidence interval ( , respectively. Significant dose effects were observed between light versus the sedentary group and intense versus the moderate group. PA prevents longterm mortality in older Spanish adults, with the highest intensity levels being those related to the lowest risk of mortality. These findings indicate that health policies for old age care should include PA as one of the main targets.
Introduction
Physical activity (PA) is defined as "any bodily movement produced by skeletal muscles that requires energy expenditure, including activities undertaken while working, playing, carrying out household chores, travelling, and engaging in recreational pursuits" ("WHO | Global Recommendations on Physical activity for Health"). Considering that physical inactivity is linked to the development of major chronic diseases such as cardiovascular disease, diabetes, or certain types of cancer ("WHO | The world health report, 2002), different patterns of PA (type, intensity, frequency and duration) are recommended throughout the week for older adults ("WHO | Global Recommendations on Physical activity for Health").
In this context, the association between physical activity and premature mortality has been discussed since the 1950s. Morris and Heady (1953) released the first report describing a significant inverse relation between occupational physical activity and cardiovascular mortality (Morris and Heady, 1953) . From then on, different studies have explored this association, with recent meta-analyses which reflect a lower risk for all mortality causes in people who carry out PA (Nocon et al., 2008; Löllgen et al., 2009; Loef and Walach, 2012; Hupin et al., 2015; Samitz et al., 2011) . However, this association has not been consistent across different populations (Hayasaka et al., 2009; Brown et al., 2012; Ottenbacher et al., 2012; Shortreed et al., 2013) , and the presence of dose effect (a linear relationship between increase of PA intensity and reduction of mortality) is controversial (Löllgen et al., 2009) . Such discrepancies could be explained by the effect of population characteristics, differences in periods of follow-up (short-vs. long-term) and profile of PA analysed (e.g., type, intensity, frequency and duration). Finally, evidence has been mainly derived from studies involving middle-aged subjects, whereas research based on aged population are scarcer (Ueshima et al., 2010; Paganini-Hill et al., 2011) .
The aim of this study is to analyze whether PA is a protective factor against mortality at a thirteen-year follow-up in a population-based sample of Spanish older people. Moreover, we tested whether the intensity of PA (light, moderate, or high) was associated with a dose-effect response. This research has implications in term of seeking strategies to prevent early mortality in older adults.
Methods

Participants
Data for this study were collected from the Neurological Disorders in Central Spain (NEDICES) cohort, a population-based survey of older people's (age 65 years and older) main age-related conditions, including Parkinson's disease, essential tremor, stroke and dementia. This research is part of a main study which analysed the association between the risk of incident dementia and PA (Llamas-Velasco et al., 2015) .
Briefly, the NEDICES study was carried out in three well-defined geographic areas of central Spain, to obtain a representative cohort of older people with different socioeconomic backgrounds. Thus, participants were selected from population censuses of three communities: Las Margaritas, a working-class neighbourhood in Getafe (Greater Madrid); Lista, a professional-class neighbourhood in the Salamanca district (Central Madrid); and 38 villages from the agricultural region of the Arévalo country (125 km northwest of Madrid). A signed informed consent was obtained from all participants at the time of enrolment. Ethical standards committees on human research at the University Hospitals "12 de Octubre" (Madrid) and "La Princesa" (Madrid) approved the protocol of the study as complying with the Declaration of Helsinki. A detailed account of the study population and methods were previously reported (Bermejo et al., 2001; Morales et al., 2004) .
It is a longitudinal study with two surveys: baseline wave (1994) (1995) and incidence wave among the same population. At the time of their baseline assessment, 5278 population based older people (57.6% women with a mean age of 74.31 ± 6.97; 53.1% without a certificate of primary school) were interviewed using a 500-item screening questionnaire that assessed demographic data, medical conditions, current medication and lifestyle (e.g., consumption of alcohol, smoking habits, physical activity, self-reported health). A short form of the questionnaire was mailed to participants who were unavailable for face-to-face or telephone screening.
Measures and testing procedure
Assessment of daily physical activity
The PA of individuals was collected at baseline (1994) (1995) using an adapted modified version (four items) of the Rosow-Breslau physical function measure (Rosow and Breslau, 1966) . The measure assesses usual tasks performed by community-dwelling older adults (e.g., walking half a mile, walking up and down two flights of stairs, performing heavy housework) and its test-retest reliability (r = 0.81) and has been assessed in the Established Populations for Epidemiologic Studies of the Elderly (Smith et al., 2010) . Therefore, the measure seems sufficiently stable for longitudinal analyses, and concurrent validity was previously established (Reuben et al., 1990) . This measure has also been related to functional disability and mortality in older populations (Brock et al., 1994; Thomas and Lichtenstein, 1986) .
In this survey, trained interviewers asked the participants "How many hours do you dedicate daily to....." (a) sedentary lifestyle (i.e., only minimal house chores or short walks at home); (b) light physical activity (i.e., regular house chores, walks independently at home); (c) moderate physical activity (i.e., regular house chores, walks up to one kilometre per day); (d) high activity (i.e., performs heavy housework, walks more than one kilometre or practices any sport regularly).
Therefore, PA was classified into four groups (sedentary, light, moderate and high PA). These groups were formed with the aim of categorizing PA under a dose-effect hypothesis (Löllgen et al., 2009; Lee and Skerrett, 2001 ).
Indicators of health
Self-rated health was assessed with one question ("In general terms, how would you describe your health: very good, good, fair, poor, or very poor?" rated with 1 [very good] to 5 [very poor] points). Meanwhile, the Charlson comorbidity index was calculated based on Romano's adaptation (Romano et al., 1993) . The following diseases were included: myocardial infarction, congestive heart failure, peripheral vascular disease, dementia, cerebrovascular disease, chronic lung disease, connective tissue disease, ulcer, chronic liver disease, diabetes, hemiplegia, moderate or severe kidney disease, diabetes with end organ damage, tumour, leukaemia, lymphoma, moderate or severe liver disease, malignant tumour, metastasis and/or AIDS.
Mortality data source
Follow-up data on death were collected until December 31, 2007. The date of "all causes" of death was obtained from the Official Spanish Death Registry (INE). In Spain, all deceased individuals receive a death certificate, completed by a doctor, at the time of death. The certificate is then sent to the local police authority in the municipality where the person had been living, and the information is recorded in the National Register.
Statistical analysis
Statistical analyses were performed with the SAS software, version 9.3 (SAS Institute Inc, 2011). Baseline characteristics of the groups were compared using analysis of variance (ANOVA) tests for numerical variables and χ 2 tests for categorical variables. Mortality (for all causes)
rates per 1000 person-years were calculated based on the baseline cohort, and Cox's proportional-hazards models (95% confidence interval) were used to test the association between PA and the risk of mortality at 13 years. Olazaran et al., 2005) , were controlled in two independent Cox regression models: the first one included self-reported health, and the second one included the Charlson index. Age was introduced as a timedependent covariate to adjust for the effect of aging across the study period. Finally, Kaplan-Meier method was used to calculate mean survival times, and log-rank tests were performed to assess the significance of the difference between survival curves based on PA levels (sedentary, light, moderate and high).
To test the dose-effect hypothesis, the number of hours was weighted, multiplying the sedentary category by 1, the light PA category by 1.2, the moderate PA category by 1.4, and the high PA category by 1.8. Next, different cut-off points were calculated based on the quartile distribution to classify the subjects as follows: ≤ 15.6 h (sedentary group), ≤ 17.6 h (light PA group), ≤ 19.4 h (moderate PA group), and N 19.4 h (high PA group). The presence of a dose effect was tested using the incremental coding procedure.
Results
Of the 5278 participants screened for neurological disorders at baseline, 306 prevalent dementia cases (5.8%) were excluded from further analyses. Therefore, 4972 participants were classified as nondemented at baseline. Of them, 3633 participants from the final cohort had information about PA. No significant differences were found between this final subsample and participants without PA assessment (N = 1339) in terms of sex (p = 0.08), but the latter individuals were slightly older (74.4 ± 7.06 vs. 73.6 ± 6.45, p b 0.05) and had fewer years of schooling (3.9 ± 4.34 vs. 7.0 ± 5.15, p b 0.05) than the selected subsample. The flow chart of this survey is shown in Fig. 1 . Table 1 compares the baseline characteristics of the groups according to the level of PA. 975 individuals were classified as leading a "sedentary lifestyle," 1022 as "light PA," 771 as "moderate PA," and 865 as "high PA". As shown, the sedentary group was significantly older, and the percentage of men was higher in comparison with PA groups. The sedentary group also showed lower educational level, higher proportion of smokers and history of prior stroke than individuals from the PA groups. Functional status was within the normal range in all groups, but the sedentary group obtained a worse performance. Finally, the sedentary group had worse health indicators (Charlson index and self-rated health) than the PA groups.
The cohort was followed from baseline for an interval of 10 ± 3.9 years. 1710 deaths (905 men [52.9%] and 805 women [37.1%]) were registered at follow-up (p b 0.001). Mortality rates, per 1000 person- years, according to age, social factors and lifestyle in men and women are shown in Table 2 .
The unadjusted Cox regression model showed that the PA groups (light, moderate and high) have a lower risk of mortality at 13 years compared with the sedentary lifestyle group (Table 3) . Even when the Cox model was adjusted by controlling for significant covariates of the univariate analyses (age, sex, marital status, smoking, previous stroke, Parkinson disease, incident dementia, body mass index, functional assessment, self-rated health and Charlson-Romano comorbidity index), any level of PA versus sedentary lifestyle remained as a protective factor against mortality. These findings were also consistent when the sample was stratified by sex and taking into account different health indicators (Charlson index and self-rated health) in parallel regression models (see Table 3 ), except for the moderate PA strata in Model 2, which showed a trend toward significance (p = 0.07). Incremental coding procedure revealed the existence of a significant dose effect (not linear) with a lower risk of mortality in the light PA group compared to the sedentary group (p b 0.0001), and in the intense PA group versus the moderate PA group (p b 0.0001). No dose effect was found between moderate and level groups.
We also derived survival probability at 13 years' follow-up with the Kaplan-Meier method. Fig. 2 shows the survival probability for the different levels of PA, showing a less favourable survival rate in the sedentary group.
Discussion
The main finding of this prospective population-based study is that, compared to sedentary lifestyle, PA is associated with a lower risk of mortality for all causes in older adults after controlling for the effect of several covariates. These results confirm previous epidemiological evidence about the protective role of PA in the mortality rates (Brown et al., 2012; Ueshima et al., 2010; Paganini-Hill et al., 2011; Woodcock et al., 2011; Wu et al., 2015; Ramalho et al., 2015) , which is basically explained by the preventive effect of PA in neurological disorders and other chronic conditions ("WHO | The world health report, 2002"; Llamas-Velasco et al., 2015) .
Interestingly, regression models showed that this protective effect seemed slightly higher for women than for men in almost all strata analyses, which is consistent with the results of Hupin et al. (Hupin et al., 2015) , who showed a 32% reduction in mortality risk in women compared to 14% in men (Hupin et al., 2015) . Likewise, Samitz et al. (Samitz et al., 2011 ) also showed significant risk ratios (0.58 women vs. 0.72 men) for all domains of PA (occupational PA, exercise and sports). However, other studies and the National Health and Nutrition Examination Survey (NHANES), which used an accelerometer to measure PA, did not find this moderator effect in older populations (Woodcock et al., 2011; Wu et al., 2015; Long et al., 2015) . A possible explanation is that men and women may also overestimate or underestimate, respectively, their PA level (Löllgen et al., 2009; Wu et al., 2015) . Hormone levels, estrogenic metabolism and body fat distribution also have been proposed, but the effect of these factors may be reduced in older samples (Hupin et al., 2015) .
Significant dose effects were identified comparing light versus sedentary PA groups and high versus moderate PA groups, which is also consistent with the results obtained by Hupin et al. (Hupin et al., 2015) . However, there is a non-linear relationship between the risk of mortality and PA, with larger benefits associated with slight changes at the lower levels of PA compared to the same increment at high or moderate PA levels, as shown previously in other studies (Löllgen et al., 2009; Woodcock et al., 2011) . In other words, we assume that PA prevents mortality at any level, but its effect is not proportional at each level. In this sense, Samitz et al. found a larger reduction in mortality when PA time is increased per week but only in several domains of PA (exercise and sports) (Samitz et al., 2011) .
Several physiological mechanisms have been proposed to explain the effect of PA as a preventive factor against mortality. For instance, PA reduces the incidence of cardiovascular risk factors (Type 2 diabetes mellitus, hypertension, etc.), improves cardiorespiratory fitness, modulates the stress cascade, changes body composition or weight and prevents falls, osteoporotic fractures and disability (Wu et al., 2015; Nelson et al., 2007; Murtagh et al., 2015) .
This study has several limitations. Information about PA was collected by a self-report questionnaire that was more weighted toward functionality at home and walking abilities, whereas other studies have used a daytime actigraphy to measure PA objectively (Fishman et al., 2016) . In addition, non-exercise PA in daily life was not measured, which may play an important role in the benefits of total activity. The amount of PA was only recorded at baseline, making it impossible to report changes in exercise patterns over time. As other longitudinal studies, is difficult to know and is a possible bias, if people more healthy are hence physically more active, or people physically more active are hence more healthy. It should also be noted that the group without PA information was older and less educated than the selected sample, which limits generalization. Finally, the effect of PA on mortality was analysed using a single long-term follow up interval.
In this research, several strengths should be highlighted. All participants were selected from a prospective population-based study. In this regard, a broad spectrum of older Spaniards (socio-economically diverse) was analysed. Complete death information of almost the entire cohort (i.e., except for 2 individuals) was available. Finally, substantial confounders related to mortality (e.g., self-rated health and education) were controlled in the analyses (DeSalvo et al., 2006; Brehaut et al., 2004) . The knowledge of PA as a protective factor of mortality in late-life periods is of special interest for preventive strategies. Mace et al. showed that 65% of adults aged 65 or older did not meet the guidelines for regular PA (at least 150 min of PA per week) (Mace et al., 2016) . At this point, physical inactivity has mortality implications (Wen et al., 2011) , so the promotion of PA should be a priority for health agencies (Heath et al., 2012) . To sum up, PA in older adults (aged 65 and older) seems to be a protective factor against mortality for all causes. Specific dose effects were identified in several groups, but there is no significant reduction of risk at intermediate levels of PA. Future studies should focus on how various types, intensities and frequencies of PA could influence the risk of early mortality.
